Among children, adverse drug reactions (ADRs) account for adverse events in 3% of out-patient visits 1 and 2% to 4% of hospital admissions. [2] [3] [4] By addressing genetic variability in therapeutic response, pharmacogenetics (PGx) promises to reduce the risk of ADRs. 5 Recently, many PGx tests have become both financially affordable [6] [7] [8] and clinically validated. 5 As an example of PGx testing, when treating acute lymphoblastic leukemia, current standard of practice requires that azathioprine be dosed according to the genotype of the thiopurine methyltransferase (TPMT) enzyme. 9 Specifically, for heterozygotes of mutant TPMT alleles (ie, alleles *2, *3A, *3B, and *4), the dosage of azathioprine should be reduced by 50% to 75%. Although for homozygotes, the dosage should be reduced by 90%. 9 As technology improves, PGx, on the basis of single candidate genes such as the TPMT gene, is evolving into pharmacogenomics, in which genome-wide patterns of single-nucleotide polymorphisms could be identified to help guide therapy. 10 Thus, unlike PGx, pharmacogenomics accounts for interaction effects between multiple genes. 10 Despite technical improvements, however, widespread clinical implementation of PGx would be difficult without public acceptance. 8 In particular, parents' views on PGx testing should be better understood, especially since the effects of ADRs are more pronounced in children than in adults. 11 Plausibly, the acceptability of a concept may depend on people' s familiarity with the concept. 12 Indeed, among medical students, greater educational exposure was associated with more favorable opinions on diverse topics such as complementary alternative medicine, 13 geriatric psychiatry, 14 rural practice, 15 and palliative care. 16 In view of previous literature, therefore, the primary objective of this study was to explore how the acceptability of personal PGx testing (ie, PGx testing for oneself) could be related to parental status and educational exposure. As a primary hypothesis, we postulated that all respondents might share similar opinions regarding personal PGx testing. As a secondary hypothesis, we postulated that parents' views on personal PGx testing may differ from their views on PGx testing for their children.
METHODS

Survey Design
The current study was designed as an exploratory survey, commonly used to probe public opinion (Fig 1) . [17] [18] [19] [20] [21] To draft the questionnaire with optimal neutrality and clarity, a pilot study (n = 6) was first conducted. To facilitate statistical interpretation, all answer choices were presented on a 10-point Likert scale. Although most Likert scales use a 5-point or a 7-point format, 22 the 10-point scale is also very common. 23 In fact, the 10-point scale is easily interconvertible with both the 5-point and the 7-point scale. 23 To address the primary hypothesis, survey 1 was used to collect the views of medical students (representing greater educational exposure to PGx), the views of lay parents, and the views of lay nonparents (Supplemental Appendices 1 and 2). Lay parents accompanying pediatric patients were recruited from a local Pediatric Emergency Department, whereas lay nonparents were recruited from the patient pool of a local Urgent Medicine Clinic. Lay respondents were recruited from waitrooms for either Urgent Medicine or Emergency Medicine at the local hospital, so as to approximate similar levels of illness acuity. Owing to difficulties of obtaining approval from distant medical schools, only the local medical school' s student population was recruited.
To address the secondary hypothesis, parents were also invited to complete survey 2 (PGx testing for one' s children), in addition to survey 1 (personal PGx testing; Supplemental Appendices 1 and 2). Following previously published methods, 24 survey 2 is a modified version of survey 1, because facilitating decisions for someone else is similar to, but not equivalent to, making decisions for one' s own benefit. To optimize the comparability of answers, pairmatched questions from survey 1 and survey 2 were written with maximal textual similarity.
The ability to read and write English was used as the inclusion criteria. Because participation was voluntary, respondents were free to give blank answers. To measure baseline PGx knowledge, research personnel refrained from specifically naming and explaining the term "pharmacogenetics." Instead, respondents were reminded that survey questions had to be answered in the context of "DNA testing to guide therapy." Upon further questioning, respondents would be reminded of their right to give blank answers. To ensure voluntary participation and to minimize bias, therefore, respondents' completion of the surveys did not necessitate supervision by research personnel.
Ethics Review
Approval for this study was granted by the Research Ethics Board at the University of Western Ontario. Because surveys were anonymous and voluntary, consent for participation was verbal.
Data Analysis x
2 tests were used to quantify the proportion of invalid responses, defined in the current study as a blank answer or an answer of "don't know." Similarly, one-sample t tests were used to determine whether opinion ratings differed significantly from neutral, defined by previous literature as a rating of 5.5 on a 10-point Likert scale. 23 Paired t tests were used to contrast responses between matched questions answered by the same respondent. Within either survey 1 or survey 2, paired questions were written to address binary variations of a similar topic. For example, within survey 2 (PGx testing for one' s children), question 4.1 (parents' views on informed consent) was matched with question 4.2 (parents' views on assent). Likewise, questions from survey 1 (PGx testing for oneself) were matched with questions from survey 2 (PGx testing for one' s children).
After adjusting for baseline PGx knowledge, multiple analysis of variance (MANOVA) was used to compare responses on survey 1 from the 3 respondent groups (ie, parents, nonparents, and medical students).
Commonly used to identify explanatory variables for an outcome of interest, [25] [26] [27] multiple linear regression (MLR) is also one of the most commonly used statistical tools in pediatric research. 28 When MLR was used in the current study, comfort level with PGx testing for mild disease (question 2) was chosen as the outcome variable. Explanatory variables included baseline PGx knowledge (question 1), comfort level in case of severe disease (question 3), and various concerns regarding PGx testing (questions 4-12).
Originally, a total of 155 statistical comparisons were planned. In reality, fewer than 124 statistical comparisons were made (Fig 1) . Nevertheless, during Bonferroni correction, the more conservative value of 155 was used. The study-wide a level was kept at 0.05, so that a level for each statistical comparison was corrected to 3. 
RESULTS
Demographics
In terms of collected copies of survey 1, 226 were from parents, 105 were from nonparents, and 236 were from medical students (Fig 1) . In terms of survey 2, 229 copies were collected from parents. In total, 796 questionnaires were collected.
Proportions of Invalid Responses
According to x 2 analysis, the proportion of invalid responses for Study flowchart. The order of survey 1 and survey 2 was randomized, before they were given to the responding parents. In total, 796 questionnaires were collected. questions 2 to 12 was statistically constant across the 3 respondent groups (P . 3.23 3 10 24 ). Regardless of respondent group, the proportion of invalid responses did not exceed 10% for questions 2 to 5 and questions 8 to 12. Regardless of respondent group, the mean proportion of invalid response was 18% for both question 6 (concern with general practitioner's inexperience in PGx) and question 7 (concern with specialists' inexperience in PGx). However, for question 1 (used to check PGx knowledge), the proportion of invalid responses (36%) was significantly higher for lay respondents than the proportion (18%) for medical students (P = 1.07 3 10 210 ).
Opinion Ratings for Individual Questions
For question 1, the mean rating was significantly higher than neutral, with higher ratings indicating better baseline PGx knowledge (P , 3.23 3 10 24 ; Table 1 ). For questions 2 and 3 (comfort levels with PGx), the mean ratings were also all significantly higher than neutral (P , 3.23 3 10 24 ; Table 1 ).
Likewise, for question 4 (concern with proper notification), question 5 (concern/ desire for separate consent), question 9 (concern for private cost), and question 11 (concern for health insurance discrimination), the mean ratings were significantly higher than neutral (P , 3.23 3 10
24
). In contrast, for questions 6 and 7 (concern for physicians' ignorance), the mean ratings were significantly lower than neutral (P , 3.23 3 10
; Table 1 ).
For most survey questions, the mean opinion ratings differed significantly from neutral (P , 3.23 3 10 24 ), except question 8 (concern for public cost), question 10 (concern for wait time), and question 12 (concern for employment discrimination; Table 1).
Views of Different Respondents
As shown in Fig 2, in the case of personal PGx testing, the mean level of concern for health insurance discrimination (question 11) was significantly higher for medical students than for parents (7.87 vs 6.55, P = 1.15 3 10
25
). The mean level of concern for employment discrimination (question 12) was significantly higher for medical students than for nonparents (6.94 vs 5.21, P = 3.49 3 10 25 ). After adjusting for baseline PGx knowledge, mean opinion ratings were statistically equivalent across the 3 respondent groups (P . 3.23 3 10 For all survey questions, interaction terms between respondent group and baseline PGx knowledge were not significant according to MANOVA analysis.
PGx Testing for Oneself Versus PGx Testing for One's Child
In survey 2 (PGx testing for one' s child), the mean rating for question 4 (importance of parental notification) was significantly higher than the rating for question 4.2 (importance of children' s assent; 95% confidence interval [CI]: 1.35 to 2.06, P = 1.57310
217
; Table 2 ). For question 9 (private cost), there was a statistically nonsignificant tendency for levels of concern to be lower in survey 2 (parents for their children) than in survey 1 (parents for themselves; 95% CI: 20.24 to 20.89, P = 5.26310
24
; Table 2 ).
Opinion Ratings for Paired Questions
For all respondents, the average comfort level with PGx testing was significantly higher for question 3 (severe disease) than for question 2 (mild disease; P , 3.23310 24 ; Table 3 Table 3 ). In contrast, for medical students, question 7 (specialists) received higher ratings than question 6 (GPs; 95% CI: 0.55 to 1.07, P = 4.26310 29 ; Table 3 ).
Unlike questions 9 and 11, individual responses for questions 8 and 12 were not distributed along a unimodal curve. Thus, it was difficult to compare the mean rating for question 8 (concern for public cost) with the mean rating for question 9 (concern for private cost). Likewise, it was difficult to compare the mean rating for question 11 (concern for insurance discrimination) with mean rating for question 12 (concern for employment discrimination).
Predictors of Comfort With Routine PGx Testing
For all 3 respondent categories, MLR identified that comfort level with personal PGx testing, in the case of mild disease (question 2), only had 2 significant predictive variables: the first was baseline knowledge level (question 1; b2 = 0.784, P = 1. Plausibly, the acceptability of PGx testing may depend on the amount of expected benefit from PGx testing. 29, 30 In our study, it was found that all respondents (ie, medical students, parents, and nonparents) became more receptive to PGx testing when disease was severe or when baseline PGx knowledge was present. Possibly, the perceived benefit of PGx could be determined by factors such as disease severity and familiarity with PGx.
However, regardless of respondent group, the acceptability of PGx did not seem to depend on concerns for PGx testing, such as improper consent, physician ignorance, private cost, wait time, and social discrimination. Among the concerns shared by all respondents, the most pronounced was proper explanation before PGx testing. Concurrently, there is ample literature suggesting that adequate physician communication is extremely important to the public. [31] [32] [33] For all respondents, there was also a strong desire/demand for separate consent before PGx testing. Interestingly, according to Kobayashi et al, 34 demands for separate consent would hinder the establishment of a DNA bank, which may be required to implement routine PGx testing.
Plausibly, the inability to weigh the drawbacks against the benefits of PGx testing, as well as strong demands for proper explanation and separate consent, could be explained by respondents' lack of familiarity with PGx testing. In agreement with literature, 35 our study revealed that almost 36% of lay respondents had a poor understanding of PGx. ). For these mean ratings, the distribution of individual responses followed a sharply bimodal distribution.
Dissimilar Opinions Regarding Personal PGx Testing
Compared with parents, medical students were significantly more concerned with the issue of health insurance discrimination, an ethical issue that is still under active debate. 36, 37 In terms of baseline PGx knowledge, although 36% of lay respondents misidentified the definition of PGx, up to 18% of medical students fared just as badly. Thus, our findings support current literature suggesting that medical education on PGx can be improved. 29 Indeed, according to the International Society of
FIGURE 2
According to MANOVA analysis, the level of concern for taking PGx tests varied significantly among different respondent types (denoted by asterisk), for concerns either relating to insurance discrimination (A; P = 1.15 3 10 25 ) or employment discrimination (B; P = 3.49 3 10 25 ). The level of concern for taking PGx tests was statistically equivalent between those with incorrect and those with correct knowledge of PGx, for both insurance discrimination (A; P = .183) and employment discrimination (B; P = .755). The interaction term Respondent Type 3 Baseline PGx Knowledge was not statistically significant, for both insurance discrimination (A; P = .945) or employment discrimination (B; P = .502).
FIGURE 3
According to MANOVA analysis, the level of comfort with PGx significantly diverged between incorrect and correct baseline PGx knowledge, for both mild disease (A; F = 27.7; P = 2.53 3 10 27 ) and severe disease (B; F = 21.7; P = 3.99 3 10 26 ). At an a value of P = 3.23 3 10 24 , the level of comfort with PGx was statistically constant across the 3 respondent groups, for both mild disease (A; F = 3.74; P = .024) and severe disease (B; F = 0.123; P = .884). The interaction term Respondent Type 3 Baseline PGx Knowledge was not statistically significant, for both mild disease (A; F = 1.72; P = .180) and severe disease (B; F = 1.62; P = .199).
Pharmacogenomics, at least 4 hours of PGx teaching may need to be offered to medical students. 38 Unlike other respondents, only medical students appeared to believe that GPs and specialists have different amount of expertise regarding PGx. In reality, it is known that there is great variability in physicians' familiarity with PGx. 39 Nonetheless, regardless of physician specialty, our study revealed the public has high expectations for all physicians, in agreement with the findings of other investigators. 35 Contrasting PGx for Oneself Versus PGx for One's Child
Previous research in pediatric oncology revealed that parents may not be distinguishing their own understanding of the situation from their child' s experiences, especially when faced with difficult treatment choices. 41 In terms of PGx testing, it appeared that parents valued their own understanding more than their child' s understanding. Currently, how children' s assent should be properly approached is unclear, especially considering that no consensus regarding the meaning of assent has yet been reached among ethicists. 42 The legal situation is even more complicated, especially in America, where the legal weigh of assent varies greatly from state to state. 43 Thus, as a result of different local practices in both ethics and law, the process of seeking assent for pediatric PGx testing may need to be casuistic.
Complex Opinions Difficult to Interpret
Employment discrimination, public cost, and wait time were 3 issues that appeared to polarize the opinions of lay respondents.
Before 2008, the risk of discrimination as a result of personal PGx testing was raised by ethicists, either explicitly 36 or implicitly. 44, 45 Since 2008, both employment and health insurance discrimination, as a result of PGx testing, have been prohibited in the Unites States, owing to the successful passage of the Genetic Information Nondiscriminatory Act. 46 More recently, however, new concerns have surfaced on whether the evolving definition of genetic information, as a result of evolving technology, could hasten the obsoletion of the Genetic Information Nondiscriminatory Act. 37 As mentioned previously, although PGx testing is becoming more and more affordable, 6-8 the respondents in our study still appeared to be uniformly concerned about private cost. In jurisdictions like Canada, public funding is available for some, but not all, medical services. 47, 48 In our study, the prospect of publicly funded PGx testing did not universally assuage the study participants' concerns on cost. Instead, owing to polarization of opinions on publicly funded PGx testing, how clinical PGx should be funded will likely arouse debate, at least in jurisdictions similar to Canada.
At this point, several limitations of our exploratory study deserve mention. First, although it is permissible to employ convenience sampling in an exploratory study, 17, 19, 20, 49 convenience sampling can potentially limit the generalizability of results.
Second, although the issue of assent was briefly addressed, older children capable of assent were not directly surveyed in the current study. However, it should be noted that the primary objective of the current study is to identify potential factors that influence the acceptability of PGx testing, not to focus assent, which by itself is a very complex issue, 42, 43 worthy of many further studies before it can be fully addressed.
Third, extra demographic data such as respondents' age, income, and political orientation were not collected. Presumably, such data could have explained the bimodal distribution of opinions on issues such as wait time, public cost, and employment discrimination. Nevertheless, it is permissible for exploratory research to limit study variables to those that are most essential to the research objective. 50 As well, we value the anonymous input of respondents, who might have declined survey participation when asked to provide sensitive personal data.
Despite its limitations, exploratory research is still well suited for probing public attitudes. 50 Reassuringly, many results of the current study are in broad agreement with literature data focusing on PGx in other contexts. 29, 30, 32, 35, 40 Thus, it is likely that new and unique findings in our study could also be reproduced. If nothing else, the findings of our study could be used as rationale for further definitive studies.
CONCLUSIONS
Our primary hypothesis was partly correct, in that a few opinions regarding personal PGx testing were shared by all respondents. In particular, for all respondents, the greatest concern with PGx testing appeared to be informed consent. As well, for all respondents, comfort level with PGx testing seemed to increase with disease acuity and baseline PGx knowledge. In the future, studies should address whether the acceptability of PGx testing to the lay public could be increased by education regarding PGx. As well, because the definition of PGx was unknown to 18% of medical students in our study, our findings are in support of recommendations calling for more PGx teaching in the medical school curricula. 38 In the case of pediatric PGx testing, parents appeared to value their own understanding above their children' s. Because the concept of assent itself has different meanings in different contexts and jurisdictions, 42,43 the weight of a child' s assent should be also viewed in the context of the child's specific situation. Lastly, on issues besides assent, parents' views on personal PGx testing for themselves, including the acceptability of testing, were not markedly different from their views on PGx testing for their children.
